Parental monitoring of adolescent behavior has been repeatedly identified as an important predictors of risky behaviors in youth (Chilcoat, Breslau, & Anthony, 1996) . Monitoring refers to those aspects of parenting behavior that involve information-seeking about the youth's daily activities as well as direct supervision and oversight of those activities. Low levels of parental monitoring have been linked to early sexual initiation (French & Dishion, 2003) , poor academic outcomes (Rodgers & Rose, 2001 ), use of alcohol and drugs Dishion & McMahon, 1998; Li, Stanton, & Feigelman, 2000) and involvement in antisocial activities (Griffin, Botvin, Scheier, Diaz, & Miller, 2000; Pettit, Bates, Dodge, & Meece, 1999) .
Poor adherence to the diabetes regimen is a risk behavior that has been linked to adverse health consequences such as poor metabolic control (Levine et al., 2001; Morris et al., 1997) and hospitalizations for diabetic ketoacidosis (Musey et al., 1995; Smith, Firth, Bennett, Howard, & Chisholm, 1998 In the diabetes literature, there has been extensive investigation of the relationship between general family functioning (e.g., conflict, cohesion, communication) and adolescent adherence to medical regimen and metabolic control (Cohen, Lumley, Naar-King, Partridge, & Cakan, 2004; Hanson, Henggeler, & Burghen, 1987; Hauser et al., 1990; Jacobson et al., 1994; Wysocki, 1993) . Fewer studies, however, have investigated the role of specific parenting behaviors, and those that have done so have focused primarily upon the affective dimension of parenting such as support. For example, higher levels of parental support for diabetes care have been found to be related to better adherence (Hanson, DeGuire, Schinkel, Henggeler, & Burghen, 1992; La Greca et al., 1995; Skinner, John, & Hampson, 2000) . However, instrumental components of parenting, such as parental monitoring, have not been well evaluated in empirical studies of adolescents with diabetes.
Items evaluating parental monitoring have sometimes been included in measures of parental support for diabetes care (La Greca & Bearman, 2002) , suggesting that at times, parental monitoring has been subsumed in the construct of parental support. Parental involvement in the diabetes regimen, a variable that has conceptual similarities to parental monitoring, has also been investigated (Anderson, Auslander, Jung, Miller, & Santiago, 1990; La Greca, Follansbee, & Skyler, 1990; Wysocki et al., 1996) ; such studies have found that higher levels of parental involvement are related to better regimen adherence. However, in these studies, parental involvement was operationalized by measuring whether the parent or the adolescent reported being responsible for various diabetes care tasks, not by determining whether the parents of adolescents who held partial or primary responsibility for their own care monitored their child's diabetes care completion. Clear assignment of family responsibility for tasks to the adolescent (e.g., completing homework, checking blood sugar) does not preclude the parent from checking to ensure that the task was in fact completed; therefore, assessing how the family assigns responsibility for completion of diabetes care tasks is not synonymous with assessing parental monitoring.
In one of the few studies that directly evaluated parental monitoring of diabetes care, Johnson, Perwien, and Silverstein (2000) used semistructured interviews to investigate the effect of parental presence during blood glucose testing on adolescent management of episodes of hypo-and hyperglycemia. No relationship was found between monitoring as measured by parental observation of blood glucose testing and appropriateness of youth response to hypoglycemia. Contrary to prediction, episodes of inadequate response to hyperglycemia were associated with higher levels of parental supervision. However, this study evaluated the relationship between adherence behavior and monitoring only in difficult diabetes management situations, where adolescent might have solicited parental presence in order to decide how to respond to the blood glucose reading. In addition, parental monitoring of other aspects of diabetes care such as insulin injections or dietary management was not evaluated.
The purpose of the current study was to assess the relationship between parental monitoring of adolescent diabetes care, and adherence to regimen and metabolic control. It was predicted that higher levels of parental monitoring would be related to better regimen adherence and metabolic control. Because measures of monitoring have been underutilized in the chronic illness literature, it was also important to evaluate the relative utility of general measures of parental monitoring versus measures specific to monitoring of diabetes care.
In light of the lack of previous comparisons of the relative importance of affective versus instrumental parenting behaviors in predicting adherence in this population, an additional purpose of the study was to determine whether parental monitoring of adolescent diabetes care and parental support for diabetes care would be equally important in promoting adolescent adherence. In the literature on the development of adolescent risk behaviors, many studies have investigated the relative importance of affective components of parenting behavior such as parental warmth, support, and positive communication as compared with instrumental behaviors such as supervision, monitoring and/or discipline in predicting youth substance abuse and antisocial behavior. Findings have been mixed, with some studies supporting the importance of affective components of parenting, some instrumental components, and some both (Parker & Benson, 2004; Sullivan, Kung, & Farrell, 2004; Wasserman, Miller, Pinner, & Jaramillo, 1996) . In fact, Dishion and McMahon (1998) have argued that given the high degree of relatedness between these two facets of parenting behavior, they should not be considered to be orthogonal constructs. Given lack of consensus in earlier studies regarding whether monitoring or support is primary, and how their relationship should be best represented, we chose to test two alternative hypotheses regarding of the impact of parental monitoring and support on regimen adherence. The first hypothesis was that monitoring and support would each have direct effects upon youth adherence. The second hypothesis was that parental support would function as a moderator of the effect of monitoring on regimen adherence; this hypothesis is also consistent with prior conceptualizations of the role of parental support as a moderator of other risk variables such as life stress (Wills & Cleary, 1996) .
Methods Participants
Participants for this cross-sectional study were recruited from a university-affiliated pediatric diabetes clinic located in a tertiary care facility in a large Midwestern metropolitan area. Participants were seen clinically for medical visits by a multidisciplinary diabetes treatment team at 3-4 month intervals. Recruitment was conducted by approaching potential participants in person at the time of a regularly scheduled clinic visit. The research was approved by the Human Investigation Committee of the university affiliated with the hospital where the adolescents were seen for medical care. All participants and their primary caregiver provided informed consent and assent to participate.
In order to be eligible for the study, adolescents had to be between 12 and 18 years of age, residing with their parent or legal guardian, accompanied by their primary caregiver, diagnosed for at least a year with type 1 diabetes, have no known developmental delay or other chronic medical conditions, and be English speaking. Of the 128 potential subjects who were approached, 103, or 80%, of those eligible, agreed to participate. The most frequent reason for nonparticipation was the extra time required during the clinic appointment to complete the research measures. Four of the consented subjects were later found to be ineligible and were subsequently excluded. The final sample consisted of 99 adolescents and their primary caregiver.
Demographic characteristics of the participants are shown in Table I . The average age of adolescents participating in the study was 14.8 years. The majority were male (52%). Forty-seven percent were White, 36% were African-American and the rest were of other race/ ethnicity. Mean family income was $50,706 and the majority of adolescents resided in two-parent homes (65%). Overall, the demographics of the sample were representative of the diverse, urban population served by the clinic where subjects were recruited.
Procedure
All measures were collected by a trained research assistant at the time of a scheduled visit to the diabetes clinic. The adolescent's primary caregiver completed the parent questionnaires; in 78% of cases, this was a female. Adolescents were provided with a $5 gift certificate to compensate them for participating in the study.
Measures
Support for diabetes care was measured by the supportive subscale of the Diabetes Family Behavior Checklist (DFBC; Schafer, McCaul, & Glasgow, 1986) . Unlike some other measures of parent support, the DFBC evaluates affective support (e.g., ''I congratulated my child for sticking to his diabetes care schedule'') and practical support (e.g., ''I bought things that contained sugar for my child to carry in case of an insulin reaction'') but does not include items assessing monitoring or supervision of diabetes care completion. Parents were asked to rate their supportive behaviors toward the youth. Youths were asked to rate the same behaviors by the parent. Higher scores on the instrument indicate more support. Internal consistency in the current sample was .79 for parents and .82 for adolescents. Parental monitoring of diabetes care completion was measured by an 18-item investigator-developed measure of supervision and monitoring of diabetes regimen tasks, the Parental Monitoring of Diabetes Care scale (PMDC). Sample items include ''How often were you present at home when your child gave themselves insulin?,'' ''How often were you present in the room when your child tested their blood glucose?,'' and ''When your child's blood glucose meter breaks, gets lost, or misplaced, how quickly do you know?'' (Appendix A). Adolescents were asked to rate the same items regarding their primary caregiver's monitoring of their diabetes care. Items were summed to obtain a total monitoring score and were coded so that higher scores represented higher levels of monitoring. Internal consistency in the current sample was .80 for the parent version and .79 for the adolescent version. Two-week test-retest reliability of the instrument has also been found to be adequate (.80) (Ellis et al., 2007) . The PMDC has been shown to have adequate construct validity, as it is related to regimen adherence among youth with diabetes (Podolski et al., 2006) .
General parental monitoring was measured by the Monitoring Scale (MS; . This 10-item adolescent-report scale assesses monitoring behaviors such as parental knowledge of the youth's whereabouts after school and on weekends, knowledge of the youth's peers and knowledge of the youth's daily activities. Chilcoat, Breslav, and Anthony (1996) also adapted the scale for use with parents as a self-report scale. For the present study, the adolescent version of the MS was scored by summing the 10 items as in the original study by . The alpha coefficient for the adolescent version was .69. However, the parent version showed evidence of poor internal consistency when one item with a different response set from the others was included. When the remaining nine items were summed, alpha improved to .62. Hence, this version was used in the present study.
The Diabetes Management Scale (DMS; Frey, Ellis, Naar-King, & Greger, 2004) is a 20-item, self-report questionnaire designed to measure a broad range of diabetes management behaviors, such as insulin management, dietary management, blood glucose monitoring, and symptom response. Respondents are asked ''What percent of the time do you (take your insulin)'' and answer on a 0-100% scale. Items are summed to obtain a total score reflecting overall adherence behavior. The instrument has demonstrated adequate reliability and validity (Frey & Denyes, 1989; Schilling, Grey, & Knafl, 2002) . Adolescents and parents each completed the DMS, with parents completing a parallel form regarding their adolescent's diabetes management.
Like most questionnaire measures of diabetes regimen adherence, the DMS was developed prior to the widespread use of basal-bolus insulin regimens. Therefore, a subset of dietary items in the DMS, such those that ask about adherence to a prescribed meal plan, were not appropriate for adolescents on basal-bolus regimens and these items were not used in the present study. The alpha coefficient for the version of the DMS used in the present study was .72 for parent report and .70 for adolescent report.
Metabolic control was calculated using hemoglobin A1c (HbA1c), a retrospective measure of average blood glucose during the past 2-3 months. Values were obtained during the medical appointment in the diabetes clinic with a DCA 2000 system (Bayer, Elkhart, IN) that uses an immunoglobulin-agglutination methodology.
Results
Means and standard deviations for each variable are shown in Table I . Data were checked for normality, as multivariate normality is a critical assumption underlying the use of structural equation modeling (SEM) with maximum likelihood estimation procedures. Results indicated normal distributions for all variables. Missing data accounted for no more than 1% of the available data for any variable except HbA1c where it accounted for 2% of the available data. Given the very small amount of missing data, it was estimated by mean substitution.
Bivariate Analyses
Bivariate analyses were first conducted to test associations between variables (Table II) . For each variable evaluated by questionnaire, parent and adolescent report were significantly related. For parent-reported variables, diabetes-specific parental monitoring was significantly associated with general parental monitoring (r ¼ .39, p < .01). Diabetes-specific parental monitoring was significantly related to regimen adherence (r ¼ .43, p < .01), but not to HbA1c (r ¼ À.19, n.s.). However, general parental monitoring was not significantly related to regimen adherence (r ¼ .08, n.s.) or to HbA1c (r ¼ .11, n.s.). Parental support for diabetes care was also not significantly related to regimen adherence (r ¼ .13, n.s.), but was significantly related to diabetes-specific parent monitoring (r ¼ .46, p < .01). Regimen adherence was significantly related to HbA1c (r ¼ À.35, p < .01).
A similar pattern of relationships was found for adolescent-reported variables. As with parent report variables, diabetes-specific parental monitoring was significantly related to regimen adherence (r ¼ .47, p < .01), but not to HbA1c (r ¼ À.06, n.s.). Again, general parent monitoring was not significantly related to regimen adherence (r ¼ .20, n.s.) or HbA1c (r ¼ .15, n.s.). Regimen adherence was significantly related to HbA1c (r ¼ À.29, p < .01). However, for adolescent report, parental support for diabetes care was significantly related to both regimen adherence (r ¼ .32, n.s.) and diabetesspecific parental monitoring (r ¼ .62, p < .01).
Structural Equation Modeling
Given that bivariate analyses suggested similarities in the relationships between variables across parent and adolescent report, multivariate analyses initially were conducted using SEM with latent constructs. Since general monitoring was not related to adherence or metabolic control using either parent or adolescent report in bivariate analyses, it was not included in multivariate analyses. Figure 1A and B shows the two alternative hypothesized models with diabetes-specific monitoring and parental support for diabetes care having direct effects on adherence (Fig. 1A) and with support moderating the relationship between monitoring and adherence (Fig. 1B) .
A measurement model was initially tested using confirmatory factor analysis as implemented using the PROC CALIS procedure in SAS version 9.1. Parent-and youth-report versions of the variable served as the indicators for the latent variables (e.g., parent-report DMS and youth-report DMS were indicators for the latent adherence variable). However, the fit of the measurement model was poor. Three fit indices were evaluated: that the likelihood ratio w 2 test of model fit was nonsignificant, the comparative fit index (CFI) was >.95, and the root mean square error of approximation (RMSEA) was <. leading them to be underidentified. Therefore, separate models for adolescent and parent-reported variables were subsequently evaluated using path analysis, a form of SEM that uses all single-indicator, measured constructs. Path analysis is similar to ordinary least squares regression but retains the advantage of allowing both the assessment of goodness of fit of a specified model and testing of each estimated path coefficient. The model with parental support and parental monitoring each having direct effects on adherence was tested first. A structural equation model with all single indicators variables was fit to the variance/covariance matrix using a maximum likelihood solution to model relationships between variables. Parental support and monitoring served as exogenous variables, with adherence and HbA1c serving as endogenous variables. The literature has produced mixed findings on whether parental support for diabetes care has a direct effect upon HbA1c and there have been no studies to date of parental monitoring of diabetes care. Therefore, direct effects of the exogenous variables upon HbA1c were not included so that given the relatively small sample size, the most parsimonious model could be tested. The exogenous variables were allowed to covary. Two additional demographic variables, age and ethnicity, were entered into the model as control variables for HbA1c, as youths' age (as an indicator of pubertal status; Amiel, Sherwin, Simonson, Lauritano, & Tamborlane, 1986; Moran et al., 1999) and ethnicity (Delamater et al., 1999; Frey, Ellis, Templin, Naar-King, & Gutai, 2006) have repeatedly been found to be predictive of metabolic control.
Results are shown in Fig. 2 , with standardized path coefficients for both parent and adolescent report. As shown in Fig. 2 , the adolescent model was essentially the same as the parent version. Diabetes-specific parental monitoring was the only significant predictor of regimen adherence and regimen adherence significantly predicted HbA1c. Seventeen percent of the variance in HbA1c was accounted for by this model. In addition, a statistical test of the indirect effect of parental monitoring on HbA1c was performed using procedures developed by Sobel (1982) . The indirect effect was significant for both the parent (t ¼ À2.59, p < .01) and adolescent (t ¼ À2.57, p < .05) models.
Prior to testing the model in which parental support moderated parental monitoring, predictor variables were first mean-centered. The product variable Parental Support Â Parental Monitoring was then calculated and added to the model to represent the interaction effect (Joreskog & Yang, 1996) . In this model, parental monitoring and the parental support Â parental monitoring interaction served as exogenous variables, with adherence and HbA1c serving as endogenous variables. Results for this model are shown in Fig. 3 However, diabetes-specific parental monitoring continued to be the only significant predictor of regimen adherence; the path from the interaction variable to adherence was non significant. Model fit using adolescent report was likewise very good [w 2 (4,
In this model, however, the path from the interaction variable to adherence was significant, indicating that parental support moderated the relationship between parental monitoring and adherence. The parent and adolescent models explained 20% and 17% of the variance in HbA1c, respectively.
Discussion
Multiple studies have linked youth risk behaviors such as substance use and abuse, academic failure, risky sexual practices, and delinquency to low levels of parental supervision and monitoring. Although studies of adolescents with diabetes have repeatedly found a connection between parental maintenance of responsibility for diabetes care tasks and positive health outcomes (La Greca et al., 1990; Wysocki et al., 1996) , and current clinical practice guidelines call for close parental supervision and monitoring of care completion by parents of youth with diabetes (Silverstein et al., 2005) , there have been almost no empirical studies of the construct of parental monitoring in the diabetes literature. Therefore, the purpose of the present study was to determine whether parents' monitoring of their adolescents would be related to diabetes health outcomes such as regimen adherence and metabolic control.
Findings from the study suggest that parental monitoring of diabetes care behaviors had a direct effect upon adolescent regimen adherence and through adherence, an indirect effect upon metabolic control. Adolescents whose parents reported higher knowledge about whether their adolescent had completed their diabetes care or reported more frequent presence during diabetes care completion were significantly more likely to report higher levels adherence; those with better adherence also had better metabolic control. Findings were similar whether the adolescent or the parent was the informant, adding to the strength of this finding and supporting the validity of the model. The finding that only diabetes-specific parental monitoring, not general parental monitoring, was related to regimen adherence highlights the importance of illness-specific measures when investigating the outcomes of chronically ill youth (Drotar, 1997) .
Although general parental monitoring of adolescent behavior (e.g., daily activities, school performance, peers relations) was not found to be related to regimen adherence, general monitoring and diabetes-specific monitoring were significantly related to one another based upon both parent and adolescent report. Such findings provide support for the construct validity of the PMDC. In addition, the association between parental monitoring of diabetes care and monitoring of other youth activities may provide one explanation for why youth with poor regimen adherence are more likely to display behavioral difficulties (Leonard, Jang, Savik, Plumbo, & Christensen, 2002; Rewers et al., 2002) ; both outcomes could be explained by low levels of parental monitoring. If this were the case, directly targeting parental monitoring and/or factors that influence parental monitoring could be a useful intervention for high-risk youth with diabetes.
In the present study, parental support for diabetes care and diabetes-specific parental monitoring were significantly related to one another, showing that the affective and instrumental components of parenting behavior around diabetes covaried. Thus, parents who provided praise, reinforcement, and opportunities for good diabetes care at home were also more likely to monitor their child's diabetes care closely. Furthermore, adolescent-reported parental support was also related to regimen adherence in bivariate analyses. However, in multivariate analyses, parental support was no longer a significant predictor of adherence when parental support and parental monitoring were considered simultaneously. Results from prior studies showing an association between parental support and regimen adherence and/ or metabolic control may have been confounded by the inclusion of supervision items in support questionnaires. For example, La Greca and Bearman (2002) found that parental ''support'' for diabetes management tasks rather than emotional support related to diabetes, was predictive of regimen adherence. The current study suggests that although related, direct monitoring of diabetes care is not the same as support and by itself is a stronger predictor of adherence outcomes. Research on other adolescent risk behaviors also highlights the importance of parental monitoring (Griffin et al., 2000; Patterson & Stouthamer-Loeber, 1984) . For example, Forehand et al. (1997) found that level of parental monitoring contributed more to the likelihood of adolescent deviant behavior than the degree of openness of communication between the parent and youth. These findings held across four independent samples of youth from diverse socioeconomic and racial backgrounds. Study findings are also consistent with recent intervention approaches that have been developed for risk reduction in the areas of risky sexual behavior and substance use (Stanton et al., 2004) that stress parental oversight of youth activities as a vital component in ensuring good health outcomes for adolescents.
Tests of an alternative hypothesis, that parental support for diabetes care moderated the relationship between diabetes-specific parental monitoring and adherence, received some support in the present study. Although not significant in parent-report models, the interaction between parental support and parental monitoring was a significant predictor of adherence when adolescent report variables were used. One possible explanation for this finding is that under supportive conditions, youth with diabetes may disclose more information about their diabetes management practices to parents, hence making parental monitoring processes more effective. Kerr and Stattin (2000) have suggested that parental monitoring effectiveness is just as likely to be affected by adolescent's disclosure of their activities as it is by parental attempts to conduct surveillance of youth activities. Parents can also monitor youth in positive or supportive ways; for example, review of the blood glucose meter by a parent could lead to discussions of steps that the adolescent could take to bring manage blood sugar more effectively or praise for obtaining blood sugars that are in the recommended range. Additional, prospective studies are needed to better clarify the complex relationships between parental support for diabetes care and diabetes-specific parental monitoring.
Study limitations include the use of self-report data, particularly self-reported measures of regimen adherence. Internal consistency of the general monitoring measure was relatively poor, which may have contributed to its lack of relationship to adherence and metabolic control. Although the sample was ethnically diverse, subjects were, on average, from middle class and two parent homes; therefore, it is unclear whether findings might differ in a lower SES sample. Finally, the measure of metabolic control used in the study evaluated a 2-3 month period while the questionnaire measures used to predict metabolic control evaluated current behavior, which may have affected their degree of relatedness.
In summary, results of the present study provide empirical support for the importance of parental monitoring as a predictor of regimen adherence. They also suggest that when clinicians intervene with parents to improve regimen adherence, that close monitoring of care completion should be emphasized as a method of preventing problem health outcomes. General support in the absence of careful supervision of diabetes care tasks may be insufficient to help youth achieve good diabetes management. The development of interventions to promote parental monitoring among youth with chronic conditions such as diabetes may provide a fruitful means for promoting optimal regimen adherence.
